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4 Compound R is a weak diprotic (dibasic) acid which is very soluble in water. 6 25.0 cm? of sulfuric acid solution reacts with 36.2 cm® of 0.225 mol dm™

; : , , ; sodium hydroxide solution. The concentration of the acid is
(a) A solution of R was prepared which contained 1.25q of R in 250 cm® of solution.

‘;T;‘;i”wzeﬁrf rfg‘; d‘_’e‘;‘;ﬁ DSS#"&T;::;EH with 0.100 moldm™ NaOH, 21.6 cm” of the A 362x0225 B 2x362x0.225 © 36.2x0.225 D 25.0
P : 25.0 25.0 2 x 25.0 2 X 36.2 x 0.225

(i) Using the formula H_X to represent R, construct a balanced equation for the reaction

between H,X and NaOH.
H,_X—LQNQC)H—%N“Q(‘\’Z”L@ le SO" y lNMDM — NQ‘ SOL‘ ¥ Zu )’O

(ii) :iJ[f:“:]r:qle data above to calculate the amount, in moles, of OH- ions usesd in '\the Mo( % ‘\\“6 L\ — K\lo\ - L) )»S « g é'l_

~mol= cenC X Vo‘ = °~‘°® X -Llé—- = 2,,é)(|0 % ‘OOD

looo® % \"\§ 3 -y
- o
(iii) Use your answers to (i) and (ii) to calculate the amount, in moles, of R present in =
25.0cm? of solution. \
-3 -3 p
_ 2164l _ |.o% xlo o N,‘ Q?) H>SOH - <« 8WMg MR VA x\O
2 >
(iv) Calculate the amc-unt,_'in moles, of R present in 250 cm? of solution. % 7
25, Tl sy lekals® % 250 Lol e = o DS KISt L0
25 % 2S
25

(v) Calculate M, of R. / =0

Mr - menss . .28 - NS7 A l | Qaf

mol o.oIOg U =
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50 cm® of propane was mixed in 600 cm® of oxygen (an 4 10cm’ of ethane is burned in 45cm® of oxygen at a pressure of 101kPa and a temperature of
excess) and ignited. 200 °C. Complete combustion takes place.

What is the volume of Ca_rbon dioxide produced? What is the total volume of gas present when the reaction is complete, measured under the same
How much oxygen remains unused? conditions?
A 30cm’ B 50cm’ C 55cm’ D 60cm®

C,H, 450, —= 3(0 44, ©
4 L u 2
. , )& Cl"(g -\—3502 —> 2 (5 —e-ZHLC)

gocm . ),go c W (Seacm lo 2S 2o 2>
3

onose) oxJT,A; S -235 & [oem

\> |So (W\S o} C-Ol ‘s ?{o&)\)ce& ,Ibw’ 2 . 4_( o
9—) Lo - )LSo = 350 O ‘6 Oz Vermains, i

6 In this question you should assume air contains 21% oxygen.

What is the minimum volume of air required to ensure complete combustion of 10cm?® of butane
gas, under room conditions?

A 14cm® B 27cm’ C 65cm’ D) 310cm?

Colly 650, > HCO, + SH, o
lo ¢S No So
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(e) The concentration of NaClO in bleach S is xgdm.
NaCIO reacts with H,0,(aq) as shown.
H,O,(aq) + NaClO(aq) —» H,O(l) + NaCl(aq) + O,(g)

A 5.00cm® sample of § completely reacts with H,0,(aq). The volume of O,(g) produced is
24 .0cm?® under room conditions.

Assume that only the NaClO in S reacts with H,0,(aq).

Calculate x. Show your working.

" eé O)' = 24 = \*lc;g Mo( Cuv\w!’\ro&:»d\: °‘°7L'<
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Chile saltpetre is a mineral found in Chile and Peru, and which mainly consists of sodium
nitrate, NaNO,. The mineral is purified to concentrate the NaNO, which is used as a fertiliser
and in some fireworks.

In order to find the purity of a sample of sodium nitrate, the compound is heated in NaOH(aq)
with Devarda's alloy which contains aluminium. This reduces the sodium nitrate to ammonia
which is boiled off and then dissolved in acid.

3NaNO,(aq) + 8Al(s) + 5NaOH(aq) + 18H,0(I) — 3NH,(g) + 8NaAl(OH),(aq)
The ammonia gas produced is dissolved in an excess of H,SO, of known concentration.
2NH, + H, SO, —» (NH,),SO,

The amount of unreacted H,SO, is then determined by back-titration with NaOH of known
concentration.

H,SO, + 2NaOH — Na,SO, + 2H,0

(a) A 1.64g sample of impure NaNO, was reacted with an excess of Devarda's alloy.
The NH, produced was dissolved in 25.0 cm?® of 1.00 moldm™ H,SO,.
When all of the NH, had dissolved, the resulting solution was titrated with NaOH(aq).
For neutralisation, 16.2cm?® of 2.00 moldm= NaOH were required.

(i) Calculate the amount, in moles, of H,SO, present in the 25.0cm?® of 1.00 moldm=

H,SO,. ) _
o AN C—7<\/; BN )—gxloL: o.olg

(ii) Calculate the amount, in moles, of NaOH present in 16.2 cm® of 2.00 moldm= NaOH.

n:= ¢ x\ ) < 'éz X(C?: o .o32H

(iii) Use your answer to (ii) to calculate the amount, in moles, of H,SO, that reacted with
16.2 cm? of 2.00 moldm— NaOH.

= O.o 52"]
2

1£2.

o 2R =

(iv)

(v)

(vi)

(vii)

(viii)

Use your answers to (i) and (iii) to calculate the amount, in moles, of H,SO, that
reacted with the NH,. a
g .go x(O

5.02S — o.a{él

Use your answer to (iv) to calculate the amount, in moles, of NH, that reacted with
the H,SO,.

LA 83exS” L o o (76 me]

Use your answer to (v) to calculate the amount, in moles, of NaNO, that reacted with
the Devarda's alloy.

17 e

Hence calculate the mass of NaNO, that reacted. )

Mma st - f\'\o xM,/ /A;/ - 5 §,\7é7§ Cl;')«\— | 4 + 3(|Q>
= (-HQQa

Use your answer to (vii) to calculate the percentage by mass of NaNO, present in
the impure sample.
Write your answer to a suitable number of significant figures.

4G A2
|.EH

X’tm:

9]
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Benzene, CgHg, reacts with concentrated nitric acid at 40 °C to make
nitrobenzene, CsHsNO;, as follows:

CeHg + HNO3; — CgHsNO, + H,0.

A student used 10.0 g benzene and obtained 9.0 g nitrobenzene.

What percentage yield was produced?

N 48 Cé‘JC, - \O = __S N \e)\
72 3

———

c—

"~ d% C@ "‘SNO - S Mo 'ens
pB
S\

v 93 CweNo . S« 3= 1S.(7
AA




HJ’@( C( sl’ﬂi J\H\I'
7 Ce

(b) In the reaction described in (a)(i), a student uses 17.43g of CuSO,yH.O. By further titration
of the reaction products the student concludes that the total amount of CuSO, in the sample is

0.0982mol.

Use the Data Booklet to complete the table to calculate the value of y, where y is an integer.

Show your working.

00122 = (C35+ 32T +1 (1§

mass of
0.0982mol CuSO0, - 1S, ¢79 1867,
amount of H,0 in 17}13‘}[3*;_.7 C7 =115 J
e At L 1% AT H,0
value of y 2l 7% |
00X 32 NP S

[4]
[Total: 9]



(d) Astudent is provided with a sample of hydrated copper(ll) sulfate, CuSO,-xH,0, and is asked (d) Mohr's salt, (NH,),Fe(S0O,),*xH,0, is the hydrated form of ammonium iron(1I) sulfate.
to determine the value of x.
The student dissolves a sample of the hydrated copper(ll) sulfate in water and adds it to an x represents the number of moles of water in 1 mole of the salt.
excess of aqueous potassium iodide to make a total volume of 250.0cm?® of solution.
A student wanted to determine the value of x. 0.784g of the hydrated salt was dissolved in

2CuSO, + 4KI — 2Cul + I, + K,S0, water and this solution was acidified.

All of the solution was titrated with 0.0200 moldm™ potassium manganate(VII). 20.0 cm?® of this

The amount of iodine produced during this reaction is found by titrating a sample of this solution l b i V%) il ition s v iraed for OaepiclEs raacha itk tha E.a .

with sodium thiosulfate solution.

T i . . . (i) Use changes in oxidation numbers to balance the equation for the reaction taking place.
25.0cm? of the iodine-containing solution requires 20.0cm?® of 0.10 mol dm™ sodium thiosulfate
solution. MnO,-(aq) + S.Fe*(aq) + _g__H‘{aq} - _‘____an*{aq} + _S.FEs‘{Eq} + ﬁ..HED{I}
(1]
L + 25,0* —» §,0%* + 2I"
the role of the Fe* ions in this reaction.

(i) Calculate the amount, in mol, of copper(ll) sulfate present in the original sample of
hydrated copper(ll) sulfate.

Explain your answer.

Show your working.

-3 -5
(\% 3203:'—_: C.K\{"-: g,lo )(20 X\° = 2_)(\0

3 (iii) Calculate the amount, in moles, of manganate(VII) ions that reacted.

{\‘8 TI =< |X° N = CK\/

; SRR
T i~ 250 c,,,-ns,_. I\(I°S )(),SO - OD\ 2 o.ol "20)((0 = x1o

N
2S amount = wa\o mol [1]

2
N C.,:‘D,_l = L;(o‘e\ < o.ol

(iv) Calculate the amount, in moles, of Fe** ions in the sample of the salt.
amount of copper(ll) sulfate = '='°)’ mol [2] L\ \ -4 \ 3

) . _ oo xlo xS - Loexlo

(ii) Atotal of 7.98g of CuSO, is present in 10.68g of CuS0O,-xH,0.

Complete each row of the table to calculate the value of x, where x is an integer. 2 | &
amount = ..£.29 X0 moal [1]

[M: CuS0O,,159.6] (v) Calculate the relative formula mass of (NH,),Fe(S0,),*xH.,0.
- 7. M _ asS _ 7LH
amount of CuSO, in mo\ - 1% < 0-°< //A”‘ —MT— = o 0 - 592
10.68 of CuSO,+xH,0 G3S +2.1 #1416 < mo s
0.2 7o mol
- 7. - ¢
amount of H,O in Io C’g 7‘-7‘1 & 2 3 relative formula mass = 'Solz [1]
10.68q of CuSOH,0 | mel o 2-" - oIS 'S
1% L (vi) Calculate the value of x. C
e olb 2 . 28+ &4 ss84 Cu2 r &G 2w lbr
value of x
5.0 b 3 (L = 1B«

N L = c x—.—é (1]
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(d) Tumbaga is an alloy of copper and gold. A sample of tumbaga was analysed. The mass

spectrum of the sample is shown.

b 56.36
percentage
abundance 25.14
X
0 1
63 EECS 197
&> mle (a7
C\J CU l\\)

(i) Calculate the percentage abundance of gold, x, in the sample of tumbaga.

I - 56.3%Ga 2S5 M+ v
1_‘_(<fg

¥=

(ii) Calculate the relative atomic mass, A,, of the copper present in this sample.
Give your answer to two decimal places.

A( : 636 xé3>4_ 2514 WAS
$6.36 +2S .14 5636 £2<-M

- C3.()

A (Cu)= Cg'él

- % [1]

2]

(b) In a mass spectrometer some hydrogen chloride molecules will split into atoms. The
mass spectrum of HC! is given. Chlorine has two isotopes. The hydrogen involved here

is the isotope 1H only. N
100- Q,l ,356@

804
relative o 4
bund £
abundance - 3563 E’}_wc_ﬂ
| - __
4 U\
" W 4|
el e | |
D 1 1 1 1 1
353 37 33 40
mie

%?C&T

(i) What particle is responsible for the peak at mass 357 ...,

- [
(ii) What particle is responsible for the peak at mass 387 ...\.1. ... W i s
(2]

(c) Use the relative heights of the peaks to determine the proportions of the two isotopes of
chlorine. Explain simply how you obtained your answer.

20 deo= TSV o xloo - 257
3o+ lo J 2ot [O ‘

" 3?\/ X
*c A B

(2]

(d) Use your answer to (c) to explain why chlorine has a relative atomic mass of 35.5.

A, . 7S xé§_>1- 28 k3. 25 ¢S

[oo loo

(1]



2 Oxygen has three stable isotopes, '®0, 'O and '®0. All three isotopes are present in a sample of
oxygen gas, O,, which was analysed using a mass spectrometer.

How many peaks associated with the O2" ion would be expected?

A 3 ® s C 6 D 9

r ¥
‘o — o . 3 (l-b - ‘701 . 3h

[“o-"o).3 |70 ——‘%O‘y . 3S
i

‘o _%ol.wm [ - 0T 3



